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D script! n 

BACKGROUND OF THE INVENTION 

5 Beginning several decades ago, plastic film began to achieve wide spread use in the fabrication of many 

useful articles, quite often as a replacement for woven fabrics. Early in the development of plastic film as a 
substitute for woven fabrics, patterns were created by imposing the image of a woven fabric into a film during 
the process of making the film. Wire screens, along with other mechanical implements, were later employed 
to create plastic films having various designs. As technology developed, metal rolls having engraved patterns 
10 were employed in the production of embossed plastic films which would simulate various designs. During this 
period of time, the person of ordinary skill in the art who made useful articles from plastic film, typically dis- 
posable diapers, covers, water repellent clothing, and the like, worked with the film on machinery and ob- 
served or studied its characteristics. Refinements or adjustments in the machinery as well as the material 
took place in order to produce useful articles from such embossed plastic films on high speed production ma- 
rs chinery. 

U.S. Patent No. 3,484,835 which issued in 1969 is directed to a plastic film embossed with a pattern sim- 
ulating a woven taffeta design and the film had an especially desirable characteristic of edge curl resistance 
during machine processing into useful articles. Embossed plastic film disclosed in this patent offered signif- 
icant improvement over the earlier taffeta design which existed in the prior art. The simulated taffeta design 

20 disclosed in the above mentioned patent is only an example of many different designs created and employed 
by film fabricators in their effort to simulate woven fabrics or achieve other various visual appearances and 
physical properties which were advantageous from a manufacturing or consumer standpoint 

Another one of such many designs is referred to in the art as a matte finish. A matte finish has heretofore 
been characterized by a rather dull finish on a plastic film with no visually perceptible pattern. Matte finishes 

25 have been produced in films by the employment of sand-blasted embossing rollers. With the advancement of 
technology including new formulations in polymer compositions of the polyolefin type, particularly polyethy- 
lene, polypropylene and polybutadiene and their copolymers, the problem of handling various films has be- 
come complex. While there is a considerable amount of knowledge available to a person of skill in this art, 
behaviors of polymers, or their properties under various physical conditions, such as machine stress and other 

30 conditions, are not readily understood. One might say the plastic film technology is, indeed, more of an art 
than a science and experience has proven that problems in this area of the art are not as easily understood 
or solved owing to the unknown factors in handling such polymeric compositions under machine stress either 
in the manufacture or fabrication of such polymers into useful articles. 

U.S. Pat. No. 4,376,147 which issued in 1983 is directed to an embossed thermoplastic polyolefin film 

35 simulating a matte finish having excellent winding characteristics without edge curl, extremely low gloss even 
on both sides and good tape adhesion values, among other advantages, theretofore unachieved in prior matte 
films. In contradistinction to the prior art sand-blasted matte films, the film of the U.S. Pat No. 4,376,147 
has an embossed pattern comprising embossed lines or channel-like areas which are parallel to the free 
lengthwise edges of the film. The embossed lines provide a generally rectangular pattern with parallel and 

40 transverse lines numbering within the range of 1 50 to about 300 lines per inch. Employing such an embossed 
pattern, the surface of the film appears to the unaided eye as a very dull surface. Up to that point in the stat 
of the art the matte film of the mentioned patent achieved a balance of physical surface characteristics there- 
tofore unachieved in known matte films. 

More recently, issued U.S. Pat No. 4,546,029 is directed to a random embossed thermoplastic polyolefin 

45 film simulating a matte or dull finish having excellent roll or winding characteristics and processability without 
edge curl. Moreover, among its other important attributes, theretofore unachieved in prior art diaper matte 
films, it has relatively equal tape adhesion on both sides of the random embossed film. This is an important 
feature in diaper films which enables diapers to be used more effectively and conveniently without tearing the 
film. The random pattern comprises an asymmetric arrangement of asymmetrically raised bosses and de- 

50 pressed areas on one side of the film, and correspondingly, underlying asymmetrically depressed areas and 
raised bosses on the opposite side of the film. The asymmetric bosses and depressions are of such height 
and area on the surfaces of both sides of the film such that the unaided eye of an observer does not detect 
any pattern in the film, even though it is an embossed random pattern. Such a combination of design and 
embossed depth had be n unachieved in plastic films and, quite surprisingly, a unique balance of physical 

55 properties had be n btain d. 

As videnc d by the above background, production of plastic film has been a continuously improving tech- 
nology and ther are d mands for further innovation. There are particular d mandsfor softer, more cloth-like 
film that liminat s th artificial eff cts normally associated with plastic. 
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U.S. Patent 4153664 describes a process for differentially drawing non-woven fibrous webs to incremen- 
tally stretch the individual strands or fibres whereby the web strength is increased. It is suggest d that films 
may also be incrementally gripped and str tch d to minimis dominant weak zones. 

5 A film in accordanc with the invention compris s a plastic film which has a pattern embossed therein 

so that in its normal unstretched state, the film has thick and thin areas, the film having a plurality of post- 
embossed stretched areas along lines spaced substantially uniformly across the surface areas on both sides 
of the embossed film, the stretched areas being separated by unstretched areas and having a thickness less 
than the unstretched areas the thin areas of the embossed plastic film in its normal unstretched state b ing 

10 preferentially stretched to the thick areas due to the lower resistance to the stretching force, the film being 
ultra soft cloth-like and quiet when compared to the embossed plastic film when in its normal unstretch d 
state. 

Amethod of making such a film in accordance with the invention comprises introducing a plastic film hav- 
ing a pattern embossed therein into a nip of rollers for incrementally stretching the film, stretching the film 
15 along lines at a plurality of regular intervals across the film width and length to provide the embossed film 
with stretched areas on both film sides separated by unstretched areas of the film to produce an ultra soft, 
cloth-like and quiet film. 

In contrast to embossed plastic films heretofore produced, the films of this invention are extremely soft 
in their hand-feel and quiet, thereby providing properties heretofore unachieved in the plastic film art. 

20 The ultra soft cloth-like film of this invention has an embossed pattern and a plurality of post-embossed 

stretched areas along lines that are spaced uniformly across the surface areas on both sides of the embossed 
film. The stretched areas are separated by unstretched areas and the stretched areas have a thickness less 
than the unstretched areas of the embossed film. The inventive film is characterized by being ultra soft, cloth- 
like in texture and quiet when compared to the embossed film in its normal unstretched state. 

25 In its most preferred form, the plurality of post-embossed stretched areas are spaced along lines at sub- 

stantially uniform intervals completely across the width and the length of the plastic film. Preferably, these 
stretched areas are formed by intermeshing corrugated or gear-like rollers. It has not been heretofore known 
to stretch embossed plastic films to make them ultra soft, cloth-like and quiet. Furthermore, it has been found 
that new textures may be achieved in overcoming the artificial look of embossed films. The stretched areas 

30 along lines in the film may be continuous or discontinuous across the width or length of the film. The stretch d 
lines may be spaced diagonally, perpendicularly or parallel to the length of the film, or in crossing patterns to 
such length. Thus, the film may be uniformly stretched along lines transverse to or along the length of the 
film, or along patterns across the length and the width of the film. These different stretched patterns may b 
achieved by providing multiple sets of stretching rollers either in line or in separate lines for diagonal, trans- 

35 verse or longitudinal stretching. 

It has been discovered that rather stiff and noisy embossed films may be made ultra soft, cloth-like and 
quiet. The new ultra soft embossed plastic films eliminate the artificial appearance otherwise attributable to 
embossed plastic. Accordingly, this invention provides for a new dimension in embossed plastic films aft r 
several decades of their development as set forth in the background of this invention. 

40 The films of this invention provide a barrier against liquid and yet have the appearance and feel of woven 

or non-woven fabrics. Alternatively, the films may be selectively perforated to meet the demands of breathabl 
or permeable films. Furthermore, the post-embossed stretching methods according to this invention produce 
embossed films with textures and visible appearances heretofore unachieved in plastic films. 

The most preferred films of this invention are relatively thin, particularly on the order of about 0.5 to about 

45 2 mils (13 to 51 u.m). However, the advantages of this invention may be achieved in thicker films, on the order 
of up to 1 0 mils (250 or more in thickness to provide such embossed films with a soft cloth-like hand feel 
and quiet properties. The depth of the emboss in thin films of about 0.5 to about 2 mils (13 to 51 u.m) is well 
established in the art and usually ranges from about 1 to about 10 mils (25 to 250 urn). However, in its broader 
aspects, this invention is not limited to these embossed depths, rather the ultra soft properties can be ach- 

50 ieved with a wide variety of embossed depths and with many embossed patterns that are known to exist. For 
instance, the patents mentioned in the background of this invention disclose films having embossed patterns 
simulating woven taffeta, matte finishes and random patterns that may be stretched to provide the ultra soft, 
cloth-like and quiet properties. Each embossed pattern has raised bosses and surrounding depressions on 
one film side with substantially corresponding underlying, depressions and bosses on th opposite side. Ac- 

55 cordingly, th entire descriptions of the mbossed patterns of U.S. Patents Nos. 3,484,835; 4,376,147 and 
4,546,029 are inc rporated herein by r f rence so that a p rson of ordinary skill in the art may und rstand 
the types of mbossed plastic films that may be provided with th ultra soft, quiet and other unique charac- 
t ristics of this inv ntion. 
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DETAILS OF THE INVENTION 

The ultra soft cloth-like embossed film is made from any one of a number of suitable plastic materials, 
5 preferably of the thermoplastic type and particularly polyolefins including polyethylene, polypropylene, poly- 
butadiene and copolymers of such polyolefins such as ethylene vinyl acetate, ethylene methyl acrylate and 
ethylene propylene diene monomer (EPDM). These polymers may be modified with conventional fillers, sta- 
bilizers, additives and the like. These film materials are embossed to give the nonwoven fibrous appearance 
for a number of applications including diapers, napkins and underpad applications as well as other medical 
10 disposable articles where the nonwoven appearance is desirable. 

A preferred polyoiefin film is ultralow, low density or medium density polyethylene. As is understood in 
the art, ultralow density polyethylene has a density of 0.890-0.912 with increasing density to 0.916 to 0.935 
for low density polyethylene. Linear low density polyethylene having a density of 0.918 to 0.941 is also very 
suitable for use in accordance with this invention. Blends of the above ultralow density polyethylene, conven- 
ts tional high pressure polyethylene and low pressure linear low density polyethylene may be employed. For in- 
stance, 80% ultralow density polyethylene at a density of 0.912 may be blended with 20% high pressure low 
density polyethylene at a density of 0.922 with a blend density of approximately 0.914. From a formulation 
standpoint, to assist in achieving a soft and quiet product, the modulus, referred to as 1% secant modulus, of 
the formulated film may vary within the range of about 5,000 psi to 40,000 psi, (35 to 280 x 10 6 N/m 2 ), with 
20 5,000 psi to 20,000 psi (35 to 135 x 10 6 N/m 2 ) preferred. For instance, polyethylene having a modulus in th 
range of about 5,000 psi to 20,000 psi (35 to 135 x 10 6 N/m 2 ) provides for a soft, quiet and good hand-feel 
diaper. However, it is to be understood that the post-embossed stretched areas along lines across the width 
and length of the embossed film are responsible for the unique ultra soft, cloth-like and quiet properties of 
the inventive film. 

25 As indicated above, embossed plastic film starting material may have any one of a number of embossed 

designs such as those disclosed in any one of the above-mentioned patents. A preferred method of making 
embossed patterns is also disclosed in these patents. The preferred method involves the introduction of ther- 
moplastic material in a plastic state between a steel embossing roll and a smooth resilient roll or rubber roll 
which form a nip for embossing film. These techniques are considered to be conventional as described in th 

30 above mentioned patents that are embodied herein by reference. 

The invention will be further understood with reference to the drawings in which: 
Fig. 1 is a magnified photographic partial view of an ultra soft embossed film of this invention having the 
embossed pattern disclosed in U.S. Patent 3,484,835 that has been stretched with a plurality of post- 
embossed stretched areas along diagonal lines across its width and length. The sample was produced with 

35 a single pass through diagonal intermeshing stretching rollers, creating a pattern of alternating lines of stretch- 
ed and unstretched areas. It is further described in the Table as Example 1. 

Fig. 2 is a magnified photographic partial view of an ultra soft embossed film of this invention having the 
embossed pattern disclosed in U.S. Patent 4,376,147 that has been stretched with a plurality of post- 
embossed stretched areas along two crossing diagonal lines across its width and length. The sample was pro- 

40 duced with two passes through diagonal intermeshing stretching rollers. After the first pass, the film was re- 
versed, left for right for the second pass, creating a pattern of substantially perpendicular stretched lines di- 
agonally oriented relative to the length and width of the film, and leaving some areas unstretched, som 
stretched once, and the remaining area stretched twice in a biaxial manner. It is further described in the Table 
as Example 2. 

45 Fig. 3 is a magnified photographic partial view of an ultra soft embossed film of this invention having the 

embossed pattern disclosed in U.S. Patent 4,546,029 that has been stretched with a plurality of post- 
embossed stretched areas along crossing lines across its width and length. The sample was produced with 
two passes through transverse direction intermeshing stretching rollers. After the first pass, the film was 
turned approximately 90° for the second pass, creating a pattern of substantially perpendicular stretched lines 

so oriented parallel tothe length and width of the film, and leaving some areas unstretched, some stretched once, 
and the remaining area stretched twice in a biaxial manner. It is further described in the Table as Example 
4A. 

With reference to the photograph of Fig. 1, a 1 mil polyethylene film is shown in top view that was em- 
bossed (steel embossing roller side) with a pattern simulating a woven taffeta design according to U.S. Patent 
55 3,484,835 and stretched according to this invention. The patt rn, before stretching, comprises overall uniform 
boss s surround d by channel-lik ar as overlying on the opposite sid depr ssions and corresponding ridg- 
s as disci sedbyth text of the '835 patent with r ferencetoth figures. After the post-em bossed stretching 
m thod of this invention, Fig. 1 demonstrat s the key features of th str ten d film in a partial view at about 
1 8X magnification. The post-emboss d stretched areas along lines 4, 5 diagonally across the width and length 
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are separated by unstretched areas 6, 7 of the embossed film. In the stretched areas 4, 5 the embossed pattern 
has been dramatically altered due to the stretching of the film, while in the unstretched areas 6, 7, the original 
embossed pattern remains intact The photograph was taken with the film sample in slight biaxial tension to 

5 remove puckers that are otherwise present in the relax dfilmconditi n. The stretch d areas have a thickn ss 
less than the thickness of the unstretched embossed film due to the thinning of the plastic in these areas. 
The film is characterized by being ultra soft, cloth-like and quiet when compared to starting embossed film 
in its normal unstretched state. The ultra soft stretched embossed film still is a liquid barrier. The underside 
of the Fig. 1 film is not shown but the underlying image corresponds to the negative of top side of the film 

10 with film thicknesses on the order of about 0.5 to 2 mils. In thicker films, the embossment is not necessarily 
imparted from one side to the other and the overlying and underlying areas may not substantially correspond. 
Nevertheless, it is to be understood that in thin films of about 0.5 to about 2 mils (13 to 51 ujti) thickness, the 
top side pattern of the embossed film has a corresponding negative image on the underside of the film as is 
shown in the above-mentioned patent It also should be understood that it is diff icult to photograph and present 

15 the exact film structure. due to the lighting, shadows and properties of plastic film as will be understood by 
a person of ordinary skill in this art; The embossed patterns are actually formal by an engraving roll having 
a distribution of depressions and raised areas simulating a desired pattern in a three-dimensional array. The 
process of engraving, master tooling and details thereof are not essential to this invention. The post-emboss d 
stretching technique across the width and length of the embossed film will be described hereinafter to enabl 

20 a person of ordinary skill in the art to produce the products of this invention. 

With reference to Fig. 2 f a 1 mH (25 u,m) poly ethylene film is shown in top view that was embossed (ste I 
embossing roller side) with a pattern simulating a woven matte finish according to U.S. Patent 4,546,029 and 
stretched according to this invention. The pattern, before stretching, comprises overall uniform bosses sur- 
rounded by channel-like areas overlying on the opposite side depressions and corresponding ridges as dis- 

25 closed by the text of the '029 patent with reference to the figures. After the post-embossed stretching method 
of this invention, in this example two passes through diagonal intermeshing stretching rollers with the stretch- 
ing on the second pass perpendicular to the first pass, key features of the resultant film are shown in Fig. 2 
at a magnification of about 18X and with the film under slight biaxial tension to remove puckers. Three distinct 
areas are shown: first, unstretched areas 8, 9; second, areas stretched once 10, 11; and third, stretched ar as 

30 12, 13 that were stretched twice. Stretched areas 12, 13 show the effect of the second pass stretching which 
occurredrn a direction approximately 90° from the first pass stretching. The stretched areas 12, 13 are th 
thinnest areas of the film with stretched areas 10, 11 being thicker than stretched areas 12, 13 and thinner 
than unstretched areas 8, 9. Details of the stretched areas will be described later. The film is characterized 
by being ultra soft, cloth-like and quiet when compared to embossed film in jts normal unstretched state. The 

35 ultra soft stretched embossed film still is a liquid barrier. The uQ&gude of the Fig. 2 film is not shown but the 
u nderlying i mage corresponds-to the negative of top side of the fl^gft i t h f ilm thicknesses on the order of about 
0.5 to 2 mils (13 to 51 fim). ■ - 

With, reference to Fig. 3, a 1 mil polyethylene film is shown in top view that was embossed with a patt rn 
(rubber roller side) simulating a random embossed matte finish according to U.S. Patent 3,484,835 and stretch- 

40 ed according to this invention. The pattern, before stretching, comprisedoverall uniform bosses surrounded 
by channel-like areas overlying on the opposite side depressions and corresponding ridges with referenc to 
the text and figures of this '835 patent. After the post-embossed stretching method of this invention, in this 
example two passes through transverse direction intermeshing stretching rollers with the film on the second 
pass turned approximately 90° relative to the first pass, key features of the resultant film are shown in Fig. 3 

45 at a magnification of about 18X and with the film under slight biaxial tension to remove puckers. Three distinct 
areas are shown: first, unstretched areas 14, 15; second, areas stretched once in the transverse direction 16, 
17; and third, stretched areas 18, 19 stretched twice, once in the transverse direction and once in the longi- 
tudinal direction. As with the previously diagonally stretched sample, the unstretched areas 14, 15 retain the 
original thickness, once stretched areas 16, 17 are thinner than unstretched areas 14, 15 but thicker than twic 

so stretched areas 18, 19. Again, details of the stretched areas will be described later. The film is characteriz d 
by being ultra soft, cloth-like and quiet when compared to embossed film in its normal unstretched state. Th 
ultra soft stretched embossed film still is a liquid barrier. The underside of the film of Fig. 3 is not shown but 
the underlying image corresponds to the negativ of top side of the film with film having a thickness s on 
the order of about 0.5 to 2 mils (13 to 51 u,m). 

55 In the above-mentioned description th term "emboss d depth" is us d and is determin d by (a) meas- 

uring overall cross-sectional thickness ( mbossed gaug ) of the film from the top side of th raised bosses 
to the opposite undermost ridges ( rboss s)onth und rsid .(b) m asuringord termining the average film 
thickness and subtracting (b) from (a). This measurement may b made in a number of manners. For instanc , 
a standard 1 inch (25 mm) micrometer may b used in a mann r known to those of ordinary skill in the art, to 
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measure the embossed depth by measuring (a) and (b). For purposes of this invention, the film thickn ss may 
be calculated by determining the weight of a known area of the film and converting to thickness by knowing 
the film density. The embossed depth is the differ nee betwe n the film emboss d gauge as measured by 

5 a microm ter and the film thickn ss calculat d on th basis of film density. The film embossed gauge is nor- 
mally measured by a TMI Model 549M low load micrometer with a 2 inch (50 mm) diameter anvil. 

The stretched embossed films as photograph ically shown in Figs. 1-3 have a number of advantages. As 
stated, they are ultra soft and quiet The films also simulate fabric, tissue or cloth in appearances and textures 
heretofore unachieved in embossed plastic films. These films may be processed advantageously and em- 

10 ployed in diaper, napkin and underpad applications as well as other medical disposable articles where different 
appearances are desirable. Among other unique features, the films may have very low gloss on both sides. 
Films of this invention may be provided with woven, nonwoven and other unique appearances and still have 
an ultra soft hand-feel and a quiet property, i.e., they make little or no noise when crinkled. 

In a preferred form of the invention, low to medium density polyethylene, for instance, is formed into a 

15 embossed film by a slot-die extrusion means. For example, the low to medium density polyethylene material 
is heated to a temperature of about 300-500 °F (1 50-260 °C) and then introduced in a web form through a slot 
into the nip of a steel and rubber roll system referred to above. The plastic material, upon being introduced 
between the nip of the rolls, is film-formed and at the same time textured with the engraved pattern of the 
steel embossing roll. Under suitable embossing pressure, for instance of about 75-120 pounds per linear inch 

20 (1.4 - 2.2 x 10 3 kg/m), a thin film having the embossed design may be produced. In achieving the preferred 
film thickness of between about0.5-2 mils (13 to 51 urn) to about 10 mils (250 urn), along with the necessary 
emboss depth of about 1 to about 10 mils (25 to 250 ^m), conditions are controlled in a manner well within 
the skill of those knowledgeable in the art of producing embossed films with the understanding of this inv n- 
tion. The factors which are considered may be varied depending upon the plastic material used and the char- 

25 acteristics to be obtained in the resultant film. Thus, process conditions that are obviously controlled to produce 
embossed film include temperature, pressure exerted between the nip of the embossing roll or system, the 
depth of the engraved design on the steel roll and the hardness of the rubber roll. Details are disclosed in the 
above referenced patents. 

Other advantages and embodiments of this invention will be further understood with reference to the de- 

30 tailed operating examples and Table as follows. 

The films of the examples are further identified in the following Table along with the conditions of stretch- 
ing. All films were 1 mil (25 nm) in thickness except 6A which was 2.2 mils (55 ^m). Also "AIR" in the Table 
means the area increase ratio, the ratio of the stretched area (as encompassed by a circle scribed on the 
film after stretching) to the unstretched area (as encompassed by that same scribed circle before stretching). 

35 "SAR" means the stretched area ratiS, i.e. t the ratio of the width of stretched line to the width of the unstretched 
line. "NA" means not applicable. The composition, density, emboss, stretching, depth of stretch, speed and 
number of passes through the equipment are all indicated in Table. The embossing patterns are identified with 
reference to the trademarks that have been given for those patterns described in the above mentioned pa- 
tents. 

40 In the following examples diagonal intermeshing, cross direction (CD) intermeshing and machine direction 

(MD) intermeshing stretching was employed. These stretchers are described as follows: 

A. Diagonal Intermeshing Stretcher 

45 The diagonal intermeshing stretcher consists of a pair of left hand and right hand helical gear-like elements 

on parallel shafts. The shafts are disposed between two machine side plates, the lower shaft being located 
in fixed bearings and the upper shaft being located in bearings in vertically slidable members. The slidabte 
members are adjustable in the vertical direction by wedge shaped elements operable by adjusting screws. 
Screwing the wedges out or in will move the vertically slidable member respectively down or up to further en- 

50 gage or disengage the gear-like teeth of the upper intermeshing roll with the lower intermeshing roll. Micro- 
meters mounted to the side frames are operable to indicate the depth of engagement of the teeth of the in- 
tern shlng roll. 

Air cylinders are employed to hold the slidable members in th ir lower engaged position firmly against 
the adjusting wedges to oppose the upward force exerted by th material being stretch d. Thes cylinders 
55 may also be retracted to disengage the upper and lower inter m shing rolls from each other for purposes of 
threading material through the interm shing quipment or in conjunction with a safety circuit which would open 
ail machin nip points wh n activated. 

A drive m ans is typically utiliz d to drrv th stationary intermeshing roll. If the upp r intermeshing roll 
istob disengagabl for purpos s of machin threading or safety, it is pref rabl to us an antibackJash gear- 
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ing arrangement between the upper and lower intermeshing rolls to assure that upon reengagement the te th 
of one intermeshing roll always fall between the teeth of the other intermeshing roll and potentially damaging 
physical contact between addendums of intermeshing teeth is avoided. If the intermeshing rolls are to remain 

5 in constant engagement, the upper intermeshing roll typically need not be driven. Drive may be accomplished 
by the driven intermeshing roll through the material being stretched. 

The intermeshing rolls closely resemble fine pitch helical gears. In the preferred embodiment, the roils 
have 5.935 " (15.08 cm) diameter, 45° helix angle, a 0.100" (2.54 mm) normal pitch, 30 diametral pitch, 14 
1/2° pressure angle, and are basically a long addendum topped gear. This produces a narrow, deep tooth pro- 

10 f i I e which allows up to about 0.090" (2.286 jim) of inter mesh ing engagement and about 0.005" (0. 1 27 |im) cl ar- 
ance on the sides of the tooth for material thickness. The teeth are not designed to transmit rotational torque 
and do not contact metal-to-metal in normal intermeshing stretching operation. 

B. Cross Direction Intermeshing Stretcher 

15 

The CD intermeshing stretching equipment is identical to the diagonal intermeshing stretcher with differ- 
ences in the design of the intermeshing rolls and other minor areas noted below. Since the CD intermeshing 
elements are capable of large engagement depths, it is important that the equipment incorporate a means of 
causing the shafts of the two intermeshing rolls to remain parallel when the top shaft is raising or lowering. 

20 This is necessary to assure that the teeth of one intermeshing roll always fall between the teeth of the oth r 
intermeshing roll and potentially damaging physical contact between intermeshing teeth is avoided. This par- 
allel motion is assured by a rack and gear arrangement wherein a stationary gear rack is attached to each 
side frame in juxtaposition to the vertically slidable members. A shaft traverses the side frames and operates 
in a bearing in each of the vertically slidable members. A gear resides on each end of this shaft and operates 

25 in engagement with the racks to produce the desired parallel motion. 

The drive for the CD intermeshing stretcher must operate both upper and lower intermeshing rolls except 
in the case of intermeshing stretching of materials with a relatively high coefficient of friction. The drive need 
not be antibacklash, however, because a small amount of machine direction misalignment or drive slippag 
will cause no problem. The reason for this will become evident with a description of the CD intermeshing ele- 

30 ments. 

The CD intermeshing elements are machined from solid material but can best be described as an alter- 
nating stack of two different diameter disks. In the preferred embodiment, the intermeshing disks would b 
6" (15.2 cm) in diameter, 0.031" (0.787 mm) thick, and have a full radius on their edge. The spacer disks sep- 
arating the intermeshing disks would be 5V&" (14 cm) in diameter and 0.069" (1.75 mm) in thickness. Two rolls 
35 of this configuration would be able to be intermeshed up to 0.231" (5.867 mm) leaving 0.019" (0.483 mm) clear- 
ance for material on all sides. As with the diagonal intermeshing stretcher, this CD intermeshing element con- 
figuration would have a 0.100" (2.54 mm) pitch. 

C. Machine Direction Intermeshing Stretcher. 

40 

The MD intermeshing stretching equipment is identical to the diagonal intermeshing stretcher except for 
the design of the intermeshing rolls. The MD intermeshing rolls closely resemble fine pitch spur gears. In the 
preferred embodiment, the rolls have a 5.933" (1 5.07 cm) diameter, 0.100" (2.54 mm) pitch, 30 diametral pitch, 
14V2 0 pressure angle, and are basically a long addendum, topped gear. A second pass was taken on these 
45 rolls with the gear hob offset 0.010" (0.25 mm) to provide a narrowed tooth with more clearance. With about 
0.090" (2.286 mm) of engagement, this configuration will have about 0.010" (0.25 mm) clearance on the sides 
for material thickness. 

OPERATING EXAMPLES 

50 

Example 1 

The above described diagonal interm shing stretch r was employed in this example to produce th in- 
crementally str tched embossed plasticf ilm that is photographically shown in Fig. 1 . The woven taffeta plastic 
55 film. of about 1 mil (25 uxn) in thickness mad in accordanc with U.S. Pat nt 3,484,835 was incrementally 
str tch d using the diag nal intermeshing stretch r. The mboss d plastic film initially was fairly stiff and 
noisy upon handling. Upon stretching with one pass through the diagonal intermeshing stretch r with a depth 
ofrollerengag ment at about 0.085" (2. 159 mm), post-emboss d stretched areas 4, 5 appearing in Fig. 1 wer 
obtained. Th original emboss, with ref rence to Fig. 1 unstretched areas 6, 7, is mostly intact. It is believed 
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to the stretching force. Furthermore ft TbZlel tK ■ * ? * thh * 3reaS due t0 the lower ^^nce 
some of the soft doth-like an TquTe^ impart 
boss d material. In addition, th ^S^^i^^ t ^^ n ° rma " y unstre ' che " «- 

area increase effected by diagonal stre, ch "n ^coSts oTdfmt.nl T' 3 " ° f the f i,m by about 44% - Th 
direction. 3 siretcn.ng consists of d,mens,onal,ncreases in both the machine and cross 
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30 



to provide crossing diagonal stretch **^*^ W «^#*^to°P°^ 
made in accordance with u/S^* 4 ^ '" "T'** ™" * ^ 2 " The embossed ^ waJ 
.-nvisib.e pattern of channel-like afeas s^muiino b^«. attnbUtab ' e t0 the ° vera " re ^"9ular 

The ongina. embossed film was iSy s ti7f aTncTsZ^T'T Under,yin 9 de P—ions and ndges. 
intermeshing stretcher at a depth Aw^lSR^C?' -*T? PaSS6S the dia 9 0nal 

creating a pattern of substantially perpendicula ^J.^T' ' ^ ^ for the S6COnd " ass 

width of the film, became very soft and qi^E^^^^ """" re ' a,iVe 10 the ,en 9 th a "<* 

tosirr^s 

account for its softness. 9 ' m " S textunzed appearance and they also further 
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film was also prewrappeS about 150- IrounTrfnl. ^ ^ ° f these e *P*™ents th 

and 61 m/min) were employed A 55 fpm (1 Jj n ?„ "* ^ SPe6dS ° f 55 ' 130 and 200 ^ (17. 40 
duroy pattern much like that o, ^ m 2 1 w* Sl^-^^ material had a uniform 

«» (See 3A of Table). At 1 30 fpm (X rZl Caooe^ ,T 9 " the unstretched «- of stretching 

forations/sq. ft. (See 3B of Tab e) 2 ampTe u at 20 I S "T T Simi ' ar W ' th PemapS 100 per 
In some cases, the adjacent holes wefe cZec Z L f ? 1 ^ W3S fU " ° f ho,es < See 3C of T ^e). 

45 Example 4A 

of this sample were nin Inrough tne „„i, „ 2 I^^" lon *' h, " I * M, * d ' il ™ 

2 was simtolv achieved in theCD sLfcher tloJto wl^ ' '""*» ac,,ievel, "» &am « 

« a perpendicular direclion produ<« a Hoi "11, ^ *" em60SSM "*" " ,rou 9 h °» s " w * ' 

« ca„e d by (he wnawsrs, a»er^Ste and 1™ ' "T" <" incremental fetching 
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strip of plastic film that is, for example, V (25 mm) wide and 6" (150 mm) long and stretching it lengthwise to 
increase the 6" (150 mm) dimension. As this is done, the 1" (25 mm) dimension will be decreased. Any un- 
stretched portion of the strip will thus remain wider than any stretched portion. The puckers result becaus 
5 the lines funstretched material are inherently longer than the lin s of stretched material and the exc ss length 
accumulates as fairly regular bistable billows which irregularly project above or below the plane of the stretch- 
ed material. When touching the material, one first encounters these billows or puckers of unstretched, m- 
bossed film since they project above and below the stretched film. These unstretched, embossed areas ar 
also under virtually zero tension since any of the tensions created by lightly handling the film manifest t hem- 
to selves first on the stretched lines. A retained random emboss in the unstretched area together with the easily 
deformable pucker shape in the stretched area provide the very dry, soft feel of the film. The stretched areas, 
having a substantially reduced thickness due to the stretching are very flexible and act as hinges allowing th 
bulk material to flex as if it were all as thin as the thinnest areas, adding to the softness, quietness, and fabric- 
like drapability of the film. 

15 

Example 4B 

Further experiments were performed with the CD stretcher by changing the depth of the engagement of 
the elements from 0.085 (2.159 mm) to about 0.235" (5.969 mm) (See 4B of Table). Upon doing so, a T (17.8 

20 cm) wide piece of random embossed 1 mil (25 jam) film entering the stretcher left at about 26" (66 cm) wid . 
The film was very soft, very thin and very clingy and not obviously puckered as previous films made in ac- 
cordance with Examples 1 and 2, for instance. The films employed to produce this effect were polyethylen 
blends. The materials previously stretched at a depth of 0.085" (2.159 mm) and identified had a stretched area 
ratio (SAR) of less than 1 . The SAR is the ratio of the width of the stretched line to the width of the unstretch d 

25 line. The material of this Example 4B has an SAR of almost 9 indicating that the unstretched line is very narrow 
relative to the stretched line. The stretched area is also very thin being about 1/5 the thickness of the unstretch- 
ed area by actual measurement. A highly stretched film having a SAR of nearly 9 tends to feel very soft becaus 
its puckered, unstretched lines occupy only about 1/9 of its surface area and are not effective in preventing 
the stretched area from contacting the observers skin. The stretched area, because of its extreme thinness, 

30 flexibility and virtual lack of emboss conforms very well to the fine details of any surface it contacts, and thus 
has a clingy feel. Films produced in accordance with this example having high SAR values, typically greater 
than 4, that are stretched in the CD or MD, as well as both CD and MD are ultra-soft and quiet, but may tend 
to be clingy in hand feel instead of dry and, thus, less cloth-like. 

35 Example 5 

Random embossed film of Example 4 (U.S. Patent 4,546,029) was also incrementally stretched employing 
the diagonal intermeshing stretcher of Examples 1-3. Using a 1 mil (25 urn) film, the sample was produced 
with two passes through diagonal intermeshing stretching rollers with an engagement of about 0.085' f (2.159 

40 mm). After the first pass, the film was reversed left for right for the second pass, creating a pattern of sub- 
stantially perpendicular stretched lines diagonally oriented relative to the length and width of the film similar 
to Example 2. The resulting film was ultra-soft, quiet, and cloth-like. 

Comparing this Example 5 with Example 4A, the properties of ultra-softness, quietness and cloth-like tex- 
ture and hand feel are achievable by either diagonal or CD/MD intermeshing stretching means. Comparing 

45 this Example 5 with Example 2, the effects of the double pass diagonal intermeshing stretching process can 
be differentiated from the effects of original embossing pattern and material composition. Both samples ach- 
ieved ultra-soft, quiet, and cloth-like characteristics. For instance, the random embossed film of this Exampl 
5 retained the characteristic sparkle and feel of the original embossed material even after stretching. 

50 Example 6 

Polyethylene films on the order of about 1 mil in thickness and having visibly mbossed patterns such as 
linen or non-woven fibrous character were incrementally stretched using a diagonal int rmeshing stretcher 
technique in accordance with the previous examples (See 6Aand 6B of Table). It has b en found that the post- 
55 embossed stretched film dramatically breaks up the gloss or plastic-like effect associated with thes known 
patt rns and forms products that are soft and sparkling. The ov rail gloss of th normal embossed film is brok- 
n up into randomized facets so that only a small percentage can thus reflect light in any one dir ction at one 
tim .Furthermor t duet th incrementally stretched areas that break up the emboss dpatt rn, these other- 
wis stiff films are rendered ultra soft. Varying degrees of stretching ov r th SAR values of about 1 to about 
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9 significantly increase the usable area of the films. Even though these typ s of films have been stretched, 
the embossed patterns are still evident wh n the surfaces are viewed either by the nak d ye or microscop- 
ically. Thus, this invention offers unique and unexpect d results in producing plastic substitutes for woven 
5 and non-woven substrates giving the textur of such materials with an ultra soft hand. 
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Having described the above invention and its preferred parameters, various modifications may be made as 
understood by a person of ordinary skill in this art in view of this specification. 



Claims 

1. A film comprising a plastic film which has a pattern embossed therein so that in its normal unstretched 
state, the film has thick and thin areas, the film having a plurality of post-embossed stretched areas along 

10 lines spaced substantially uniformly across the surface areas on both sides of the embossed film, th 

stretched areas(10-13, 15-19) being separated by unstretched areas (8, 9, 14, 15) and having a thickness 
less than the unstretched areas (8, 9, 14, 15), the thin areas of the embossed plastic film in its normal 
unstretched state being preferentially stretched to the thick areas due to the lower resistance to th 
stretching force, the film being ultra soft, cloth-like and quiet when compared to the embossed plastic 

15 film when in its normal unstretched state. 

2. A film as claimed in Claim 1 having perforations in the stretched areas (10-13, 15-19). 



20 



25 



A film as claimed in either Claim 1 or Claim 2 wherein the stretched areas (10-13, 15-19) provide th 
embossed film with a visible texture of raised ribs and channels therebetween caused by stretching on 
both sides of the film. 

A film as claimed in any preceding Claim wherein the embossed pattern is one which simulates a wov n 
fabric, a non-woven fabric or a matte finish. 

A film as claimed in any one of Claims 1 to 4 wherein the pattern comprises raised bosses surrounded 
by substantially perpendicularly intersecting channels on one side of the film overlying on the opposite 
side corresponding depressions and perpendicularly intersecting ridges. 

6. A film as claimed in any one of Claims 1 to 4 wherein the pattern comprises irregularly shaped bosses 
30 surrounded by irregularly shaped channels on one side of the film overlying on the opposite side corre- 
sponding irregularly shaped depressions and irregularly shaped ridges. 

7. A film as claimed in any preceding Claim having a thickness on the order of 0.5 to 10 mils (13 to 250 ^im) 
and an embossed depth of from 1 to 10 mils (25 to 250 jim). 
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A film as claimed in any preceding Claim wherein the thickness is from 0.5 to 2 mils (13 to 51 urn) and 
the embossed pattern depth is from 1 to 10 mils (25 to 250 i*m). 



9. A film as claimed in any preceding Claim wherein the plastic is a thermoplastic being either polyethylene 
^ or polypropylene or a copolymer thereof. 

10. A method of making a film comprising introducing a plastic film having a pattern embossed therein into 
a nip of rollers for incrementally stretching the film, stretching the film along lines at a plurality of regular 
intervals across the film width and length to provide the embossed film with stretched areas on both film 

^ sides separated by unstretched areas of the film to produce an ultra soft, cloth-like and quiet film. 

11. A method as claimed in Claim 10 wherein the ratio of the width of a stretched line to the width of an un- 
stretched line is in the range of 1 to 9. 

12. A method as claimed in either Claim 9 or Claim 10 wherein the thickness of the film is from 0.5 to 2 mils 
50 (13 to 51 Mm). 

13. Am thod as claimed in any one of Claims 1 0 to 13 wh rein th plastic is a thermoplastic being either 
polyethyl n or polypropylene or a copolymer thereof. 



Patentanspruche 

1 . Folie mit ein r Kunstst f folie, in die ein Muster gepragt ist, so daft die Folie in ihrem normalen ungestreck- 
t n Zu stand dicke und dunn Bereich aufweist, wobei die Folie eine Mehrzahl von nach-eingepragten 
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gestreckten Bereichen entlang von Zonen hat, die im wesentlichen gleichformig uber die 
Oberfi3chenberei- che auf beiden Seiten der geprdgten Folie beabstandet sind, wobei die gestreckten 
Bereiche (10 - 13, 15 - 19) durch ungestreckte Bereiche (8, 9, 14, 15) getrennt sind und eine geringere 
Dicke als di ungestreckten Bereiche (8, 9, 14 t 15) hab n, wobei die dunnen Bereiche der gepragten 
Kunststoffolie in ihrem normalen ungestreckten Zustand aufgrund des geringeren Widerstandes gegen 
die St reck- Kraft vorzugsweise zu den dicke n Bereichen gestreckt werden, und wobei die Folie ultraweich, 
stoffahnlich und gerauscharm ist im Vergleich zu der gepragten Kunststoffolie in ihrem normalen unge- 
streckten Zustand. 

2. Folie nach Anspruch 1 f 

gekennzeichnet durch Perforationen in den gestreckten Bereichen (10 - 13, 15 - 19). 

3. Folie nach Anspruch 1 oder 2, 

dadurch gokennzeichnet, daft die gestreckten Bereiche(10- 13, 15- 19) die gepragte Folie mit einer sicht- 
baren Textur aus erhohten Rippen und dazwischenliegenden Kanalen versehen, welche durch Ausein- 
anderstrecken auf beiden Seiten der Folie verursacht wird. 

4. Fotie nach einem der vorstehenden Anspruche, 

dadurch gekennzeichnet daft das gepragte Muster ein gewebtes Erzeugnis, ein nicht-gewebtes Erzeug- 
nis oder eine matte Oberflachenbeschaffenhelt simuliert. 

5. Folie nach einem der Anspruche 1 bis 4. 

dadurch gekennzeichnet, daft das Muster erhohte Vorsprunge aufweist, die von im wesentlichen recht- 
winklig uberschneidenden Kanalen auf einer Seite der Fotie umgeben sind, welche auf der gegenuber- 
liegenden Seite von entsprechenden Vertiefungen und rechtwinkiig uberschneidenden Rippen uberzo- 
gen ist 

6. Folie nach einem der Anspruche 1 bis 4, 

dadurch gekennzeichnet, daft das Muster unregelmaftig geformte Vorsprunge aufweist, die von unregel- 
maftig geformten Kanalen auf einer Seite der Folie umgeben sind, welche auf der gegenuberliegend n 
Seite von entsprechenden unregelmaftig geformten Vertiefungen und unregelmaftig geformten Rippen 
uberzogen ist. 

7. Folie nach einem der vorstehenden Anspruche, 

gekennzeichnet durch eine Dicke von 13 bis 250 urn (0,5 bis 10 mils) und eine Pragetiefe von 25 bis 250 
urn (1 bis 10 mils). 

8. Folie nach einem der vorstehenden Anspruche, 

gekennzeichnet durch eine Dicke von 13 bis 51 *im (0,5 bis 2 mils) und eine Tiefe des eingepragten Mu- 
sters von 25 bis 250 urn (1 bis 10 mils). 

9. Folie nach einem der vorstehenden Anspruche, 

dadurch gekennzeichnet, daft der Kunststoff ein thermoplastisches Material und entweder Polyethyl n 
oder Polypropylen oder ein Co-Polymer ist 

10. Verfahren zum Herstellen einer Folie, 

gekennzeichnet durch Einf uhren einer Kunststoffolie mit einem eingepragten Muster in einen Walzenspalt 
zum stufenweisen Strecken der Folie, 

Dehnen der Folie entlang von Zonen in mehreren regelmaftigen Intervallen uber die Folienbreite und - 
lange, urn die gepragte Folie mit gestreckten Bereichen auf beiden Folienseiten zu versehen, die durch 
ungestreckte Bereiche der Folie voneinander getrennt sind, urn eine ultraweiche, stoffahnliche und ge- 
rausch- arme Folie herzusteilen. 

11. Verfahren nach Anspruch 10, 

dadurch gekennz ichn t, daft das Verhaltnis von d r Breite ein r gestreckten Zone zu der Breit einer 
ungestreckten Zone in d m Bereich zwisch n 1 bis 9 liegt 

12. Verfahren nach Anspruch 9 oder 10, 

dadurch gekennzeichnet, daft die Dick der Folie 13 bis 51 urn (0,5 bis 2 mils) betrigt 
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13. Verfahren nach einem der Anspruche 10 bis 12, 

dadurch gekennzeichnet, dad der Kunststoff ein thermoplastisches Material und entweder ein Polyethy- 
len Oder Polypropylen oderein Co-Polymer ist 



Revendications 

1. Film constitue d'un film en mature plastique qui a un dessin gaufre de telle sorte que dans son etat nor- 
10 mal non 6tir6, le film a des zones 6paisses et des zones minces, le film ayant plusieurs zones etir6es 

apr&s gaufrage situees le long de lignes 6cart6es de maniere a peu pr6s uniforms a travers les zones 
su perf icielles situees sur les deux cfites du f i Im gauf r6. les zones 6tir6es (1 0 a 1 3, 1 5 a 1 9) etant s6par6es 
par des zones non 6tir6es (8, 9, 14, 15) et ayant une epaisseur plus petite que les zones non etirees (8, 
9, 14, 15), les zones minces du film en matiere plastique gaufre dans son etat normal non etire etant 
15 6tir6es de preference aux zones 6paisses du fait de leur resistance plus faible a la force d'etire- ment, le 

film etant ultra doux, analogue a un tissu et sobre lorsqu'on le compare au film en mature plastique gau- 
fre lorsqu'il est dans son etat normal non 6tir6. 
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2. Film selon la revendication 1, comportant des perforations dans les zones etirees (10 £ 13, 15 a 19). 

3. Film selon la revendication 1 ou 2, dans lequel les zones Stirpes (10 & 13, 15 a 19) fournissent le film 
gaufre ayant une texture visible de nervures sur6lev6es et de canaux situ 6s entre ces dernieres provo- 
qu6s par retirement sur deux cdtes du film. 

4. Film selon Tune quelconque des revendications pr6c6- dentes, dans lequel le dessin gaufre est un dessin 
qui simule un tissu tisse, un tissu non tisse ou un fini de matte. 

5. Film selon Tune quelconque des revendications 1 a 4, dans lequel le dessin com port e des bosses sure- 
levies entourees par des canaux se recoupant de maniere a peu pr6s perpendiculaire situes sur un pr - 
mier c6t£ du film recouvrant sur le c6te oppose des depressions correspondantes et des crates corr s- 
pondantes se recoupant perpendiculairement. 



6. Film selon Tune quelconque des revendications 1 a 4, dans lequel le dessin comporte des bosses formees 
de maniere irregu- Here entourees par des canaux formes de maniere irreguliere sur un premier cote du 
film, recouvrant sur le cote oppose des depressions correspondantes formees de maniere irreguliere et 

35 des cretes correspondantes form6es de maniere irr6guli6re. 

7. Film selon Tune quelconque des revendications prec6dentes, ayant une epaisseur de I'ordre de 13 a 250 
urn (0,5 a 10 mils) et une profondeur gaufr6e allant de 25 a 250 uin (1 a 10 mils). 

40 8. Film selon Tune quelconque des revendications prec6- dentes, dans lequel l'6paisseur est comprise entr 
13 et 51 ^m (0,5 a 2 mils) et la profondeur du dessin gaufre est de 25 a 250 um (1 a 10 mils). 

9. Film selon I'une quelconque des revendications prece- dentes, dans lequel la matiere plastique est une 
matiere thermo'plas- tique constitu6e de polyethylene ou de polypropylene, ou d'un copolymere de ceux- 

45 CL 

10. Precede de fabrication d'un film consistant a intro- duire un film en matiere plastique ayant un dessin 
gaufre dans un espace situ6 entre des rouleaux pour etirer de maniere increment i el I e le film, en etirant 
le film le long de lignes agencees au niveau de plusieurs intervalles r6guliers a travers la largeur et la 
longueur du film pour fournir le film gaufre muni de zones 6tir6es sur les deux cotes du film s6par6es 
par des zones non etirees du film pour produire un film ultra-doux, analogue a un tissu et sobre. 

11. Precede selon la revendication 10, dans lequel I rapport de la largeur d'une ligne 6tir6e sur la largeur 
d'une lign non etire est situe dans la plage allant d 1 a 9. 

55 12. Precede selon I'une quelconque d s r vendications 9 ou 10, dans lequel l'6paisseur du film est de 13 a 
51 urn (0,5 a 2 mils). 

13. Precede selon I'une.quelconqufi des revendications 10 a 12, dans lequel la matiere plastiqu est une ma- 
tier thermoplasti- qu constitue de polyethylene ou de polypropylene, ou d'un copolymer de ceux-ci. 
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